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Pac4eT MOneKynbl BOAOPOAa B aA11a6aTI-14eCKOM 
npeACTaBneHI11-1 

AAI1a6aTI14ecKoe npeACTaeneHI-'Ie I-1Cnonb3yeTcR AIJR Bb141-1c
neHI-1R YPOBHei1 3Heprl111 MOJleKynbl BOAOPOAa, T.e. npoCTei1wei1 
CI-'ICTeMbf 4eTbtpex Ten c KynoHOBCK11M B3ai1MOAei1cTBI1eM. Uenb~ 

11CCneAOBaHI1R RBnReTCR BbiRCHeHI1e B03MQ)f{HOCTei1 11CnOnb30BaHI1R 
aAI1a6aTI14eCKOrO MeTOAa B MoneKynRpHbiX 3aAa4ax. 06cy~Aa~TCR 
Ha116onee 34>4>eKTI1BHble o6nacTI1 ero npi1MeHeHI1R . nocTpoeHa 
6ecKOHe4HaR CI1CTeMa 06btKHOBeHHbiX 11HTerpO-A114>4>epeH-
1..111anbHbiX ypaBHeHI1i1, Oni1CbtBa~~aR MOneKyny BOAOPOAa B aA11a-
6aTI14eCKOM npeACTaBneHI111 C 34>tt>eKTI1BHbiMI1 noTeHL111anaMI1, 
Y411Tbl Ba~~11MI1 HeaA11a6aTI14eCKI1 e nonpaBKI1 Ha ABI1~eHI1 e RAep. 
Bbt411CneHa 3Hepri1R nepBbiX Tpex KOne6aTenbHbiX COCTORHI1i1 
MOneKyilbl BOAOPOAa 11 npoBeAeHO cpaBHeHI1e C 3KCnepi1MeHTanb
HbiMI1 AaHHbiMI1. 06cy~AaeTCR CKOpOCTb CXOA11MOCTI1 MeTOAa. 

Pa6oTa BbtnOnHeHa e Jla6opaTOPI111 TeopeTI14ecKoi1 
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Calculating of the Hydrogen Molecule in the 
Adiabatic Representation 

The adiabatic representation is used for calculating 
the energy levels of a hydrogen molecule, i.e. of the simp 
lest four-body system with a Coulomb interaction. The aim 
of this paper is the investigation of the possible use 
of the adiabatic method in the molecular problems. The 
most effective regions of its applications are discussed. 
An infinite system of integra-differential equations is 
constructed, which describes the hydrogen molecule in the 

adiabatic . representation with the effective potentials 
taking into account the corrections to the nuclear motion. 
The energy of the first three vibrational states of the 
hydrogen molecule is calculated and compared with the ex
perimental data. The convergence of the method is discussed 
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1. BBEAEHI1E 

np11 Bbi411CneHI111 3Heprl111 CBR311 OCHOBHOrO COCTORHI1R npOCTei1-
W11X ABYXaTOMH~X MoneKyn Ha116onee T04H~i1 pe3ynbTaT Aa~T pa3-
ni14Hbfe MOA114>11Ka1..11111 eap11a1..1110HH~X paC4eTOB /CM., Hanpi1Mep{l.2 lf. 
Apyr11M, Ha116onee w11poKo 11Cnonb3ye~M MeTOAOM, RBnReTCR MeTOA 
caMocornacoeaHHoro nonR, 11cnonb3Y~~I1i1 MoneKynRPH~e op611Tan11 
(SCFMO l S I ), Y411Tb1Ba~l1i1 KOH4>11rypal.II10HHOe B3ai1MOAei1CTBI1e 
B MOneKynax. 11cnonb3yeMbte B 3TOM MeTOAe MOneKynRpHble op611-
Tanl1, KOTOp~e npeACTaBnR~T OAH03neKTPOHHble COCTORHI1R B MOne
Kyne, KaK npae11no, HeOpTOrOHanbHbl, 4TO npi1BOA11T 11HOrAa 
K TeXH114eCK11M 3aTPYAHeHI1RM. 

B pac4eT ax ab initio Hal16onee ecTecT BeHHbtM opToroHan bHbfM 
6a311COM MOneKynRpHbiX op611Tanei1 RBnReTCR aA11a6aTI14eCK11i1 6a-
311C, T. e. nonHbli1 Ha6op peweHI1i1 3aAa411 ABYX LleHTpOB KBaHTOBOi1 
MexaHI1K11. Ao HeAa:JHero epeMeHI1 aA11a6aTI14eCK11i1 6a311c 6brn 
cpaBHI1TenbHO CIJa6o 113y4eH 11 npaKTI14eCKI1 He 11CnOnb30BanCR 
e MoneKynRpH~x pac4eTax. B nocneAHI1e rOAbl, OAHaKo, nono~eHI1e 

cy~eCTBeHHO 113MeHI1nOCb: pa3pa6oTaHbf 34>4>eKTI1BHble anropi1TMbl B~-

411CneHI1R aA11a6aTI14eCKI1X 4>YHK1..111i1, MaTpi14HbfX 3neMeHTOB OT pa3-
ni14H~X onepaTOpOB no 3TI1M 4>YHK1..111RM, a TaK~e npOAeMOHCTpl1pO
BaHa 34>tt>eKT11BHOCTb aA11a6aTI14eCKOrO MeTOAa B 1..1en0M np11 Bbt-
411CneHI111 3Hepr11H CBR311 CI1CTeM~ Tpex Ten '4,5 ' . 

B npeAIJaraeMoi1 pa6oTe aA11a6aTI14eCK11i1 6a311C 11Cnonb3yeTCR 
AIJR B~411CneHI1R YPOBHei1 3Heprl111 MOneKynbl BOAOPOAa, T.e. npo
CTei1wei1 CI1CTeMbl 4eTblpex Ten C KynOHOBCKI1M B3ai1MOAei1CTBI1eM. 
Uenb~ 11ccneAoBaHHR RBnReTCR BbfRCHeHI1e B03MO~HOCTei1 npi1MeHe
HI1R MeTOAa B MOneKynRpHbiX 3aAa4aX, a TaK~e o6cy~AeHHe HaH-
6onee 34>tt>eKTI1BHbfX o6nacTei1 ero Hcnonb3oBaHI1R. 

0AHa 1-13 OCHOBHbiX npo6JleM B npeAnaraeMOM nOAXOAe COCTOHT . 
B Bb141-1CneHI-11-1 11HTerpanne KYJlOHOBCKOrO OTTanKHBaHHR 3neKTpo
HOB, a TaK~e HeaAI-'ta6an14eCK11X nonpaBOK Ha ABI-1~eHI1e RAep. 
06e 3TI-1 3aAa411 peweHbl B npo'l\biAY~HX pa6oTaX aBTOpOB ' f>-"7 · 

B AaHHoi1 pa6oTe nocTpoe".:J 6ecKOHe4HaR CI-'ICTeMa o6biK
HOBeHH~x 1-'tHTerpo-A1-1$$epeHL1~1.:JJlbHbiX ypaBHeHI1i1, Oni1CbtBato~aR 
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OTHOC~TenbHOe AB~~eH~e RAeP B MOneKyne BOAOPOAa B aA~a6a
T~4eCKOM npeAcTasneHM~, B~4~cneH~ 3Hepr~~ neps~x rpex ee 
KOne6arenbH~X COCTORH~~ ~ 06CY~AaeTCR CKOpOCTb CXOA~MOCT~ 
MeTOAa. 

2. nOCTAHOBKA 3AAA4H 

YpasHeHMe WpeA~Hrepa AnR MoneKynbl, cocroR~e~ ~3 ABYX RAeP 
c Maceo~ M a 2Mb ~ 3aPRAaMM za M zb M ABYX 3neKTPOHOB 
C Maceo~ me, B C~CTeMe ~eHTpa ~Hep~M~ ~MeeT B~A 

(.J{ -Enr)1Pnrcr1.r2 ;R) -0 . /1/ 

3AeCb l{lnrc11 .f"2 ;R)- BOnHOBaR ¢yHK~MR CMCTeMbl B COCTORHMM 
c KBaHTOBbiM~ 4~cnaMM n =(N fm. N' P'm') 3neKTPOHHoro· AB~~eH~R 

/ 5 ' ~ r=(vJmJA) OTHOCMTenbHOrO AB~~eH~R RAep ,V- BM6pa~~OH-
HOe KBaHTOBOe 4MCno, J ~ m J- nonHbl~ MOMeHT ..., MOneKyn~ 
~ rpeTbR ero npoeK~MR, A- nonHaR 4eTHOCTb, R - seKrop, 
COeA~HR~~~~ RApa, ri - BeKTOp, COeA~HR~~~~ ~eHTp OTpe3Ka R 
c i -TbiM 3neKTPOHOM I i = 1,2/. raMMnbTOH~aH MOneKynbl B eA~-
H~~ax e = h = 1 ~MeeT B~A 

A 

.H=T+W, 

rAe BBeAeH~ o603Ha4eH~R: 

1 1+2K 1 
T=---1/'1_, +Kv .... cv_, +v .... >--

4
-C1'1r+ +1'1 1 >+-

2
v

1 
v

1
1. 

2M 0 R R r 1 r 2 1 2 1 2 

w E h (1) + h (2)+ ~~L + _1_ 
R • 

hli) = --1- /'1 .... 
2m a r i 

r12 

1 1 - 7W- -;:Til 
a b 

" = ( Mb- M a) I ( M b + M a ) 

/2/ 

A (i) 
3AeCb h - raM~nbTOHMaH 3aAa4~ ABYX ~eHTpOB, OnMCbiBa~M~ 
AB~~eH~e i -roro 3J1eKTPOHa c 3¢¢eKTMSHo~ Maceo~ rna 
B none ABYX 3aKpenneHH~X RAep c 3apRAaM~ Za ~ zb • YAaneH-
H~X APYr or APYra Ha paccTORHMe R. Pa36~eHMe /2/ raMMnbro
HMaHa Ha 11 KMHeTM4ecKy~" T- M "noreH~~anbHY~" W -4aCTM 
He eAMHCTBeHHO ~ A~KTyercR coo6pa~eHMRM~ YA06crsa. noAp06Hoe 
o6cy~AeH~e 3Toro sonpoca CM. a 17 1 . 8 HaweM cny4ae s~6paHHaR 

4 

3¢¢eKT~BHaR Macca rna pasHa ~CT~HHO~ np~BeAeHHO~ Macce 
aroMa meMa, o6pa3y~~erocR np~ 6ecKoHe4HOM pa3BeAeH~~ RAeP 
a ~ b. 

AA~a6aT~4ecK~~ 6a3~c onpeAenReTcR KaK nonHbl~ Ha6op pewe
H~~ ypasHeH~R WpeA~Hrepa c raM~nbTOH~aHoM 3aAa4~ ABYX ~eHr
pos, COOTB~TCTBY~~X A~CKpeTHOMy ~ Henpep~BHOMY cneKTpaM 

oneparopa h: 

h <l>j (1; R ) = E /R)<l>j (1; R), 

A ... k2 ... 
h <I> j ( r; k, R) = 2 <l>j ( r; k , R), 

131 

f<l> . <I> dt =0·· 
I j IJ 

TepMbl E j(R) ~ COOTBeTCTBy~~Me MM OPTOHOPMMPOBaHHble BOnHo
Bble ¢YHK~MM <l>j (r;R) A~CKpeTHOrO cneKTpa 3aAa4M ABYX ~eHTPOB 
YA06HO HyMeposaTb Ha6opOM napa6on~4eCK~X KBaHTOBbiX 4~Cen 
j =(n 1n2m). xapaKTep~3y~~~X COCTORHMe M30n~poBaHHbiX aTOMOB 

(meMa) ~ (meMb) np~ 6ecKoHe4HOM pa3BeAeH~~ RAep. 
B cny4ae paBHbiX 3aPRAOB, Za =~. noRanReTcR AOnonH~Tenb

HOe KBaHTOBOe 4~CnO - 4eTHOCTb p g,u =(-)f, rAe f=2n 2 + m 
~nM f=2n2 +m +1 B 3aB~C~MOCT~ OT C~MMeTp~~ peweH~~ no 

... 141 
OTHoweH~~ K orpa~eH~~ a ~eHrpe orpe3Ka R . CneAosarenbHO, 
4eTHOe (Pg = 1) ~ He4eTHoe CPu =-1) peweH~R ypasHeHM~ <I> .g(r; R ) 
~ <l>juCf;R) COOTBeTCTBY~T Ha6opaM KBaHTOBbiX 4~Cen j=~n 1 n2 m]g 
~ j=[n1n2m ]u ~ OAHO~ ~TO~ ~e 3Hepr~~ np~ R->oo: 

2 
Za 

Ejg<oo)=Eju(oo)= -
2
n2 , n =n 1+n2 +m+1 /4/ 

/a AanbHe~weM orpaH~4~MCR cny4aeM za = zb :1 I. 
BonHOBY~ ¢YHK~~~ 1{1 nr (r 1 .t2 ; R), COOTBeTCTBY~~y~ nonHO~ 

4eTHOCT~ C~CTeMbl A=+(- )J , MO~HO pa3nO~~Tb no aA~a6aT~-
4eCKOMy 6a3~Cy cneAy~MM o6pa30M /3HaK CyMMbl BKn~4aeT ~HTer

p~poBaHMe no Henpep~BHOMY cneKrpy/: 

.... ... [ ] -Vz [ J A ... _, ) IJI (r 1,r2 ;R)= I. 2(1+8 ) D (<1>,8,0)<1> (r
1 

,r
2

;R + 
nr ·< mo mmJ jsm 

J_ s /5/ 
J A ...... .l..A 

+ D (<I>, 8, 0) <I> . ( )( r 
1 

, r 2 ; R )] X . (R), 
-mmJ JS -m R JS 

m = m j + m5 • 
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J 
3,qecb D mmJ - HOPMHpoeaHHble D -c)JyHKLIHH BHrHepa, onHCbiBaiO-

~He Bpa~eHHe MOneKynbl B Heno,qBH~HO~ CHCTeMe KOOp,qHHaT; 
~. ( r~. r 2: R) - Ha6op 80nH08biX c)JyHKLIH~ A8YX 3neKTpOH08 
8 J~OCTOl'lHHRX j=[nln2mj] H Sx[n{n2m

5
] C pa3nH4HbiMH 

4eTHOCTl'lMH g H U H C npoeKI..IHe~ MOMeHTa m z m j + m 
5 

• 

Mbl 8bi6epeM ero 8 cne,qy10~eM 8H,qe: 
~ 

I j s> = <llj s =(<II jg,sg ,<lljg,su • <ll ju,sg • <ll ju,su ) , 

<11. = N. [<P . (1)<11 (2)+ <11 . (2)<11 (1)] "I jgsg>. Jg,sg Jg,sg Jg sg Jg sg 

<11 . =N. [<P. (1)<11 (2)+<11. (2) <11 ( l )l=l jgsu>, Jg,su Jg,su Jg su Jg su 

<P . 2N. [<P. (1)<11 (2)+<11 . (2)<11 (l)hljusg>, 
Ju,sg Ju,sg JU sg JU sg 

/6/ 

<PJ =N. [<P . (1)<11 (2)+<11. (2)<11 (1)],.ljusu>, 
U,SU JU,SU JU SU JU SU 

1 -~ 
N. =N. =- , N . =N. =[2(1+8)], jg,su JU,Sg ,-

2 
jg.sg JU, SU JS 

" 
<ll = <ll (t J ;R), <ll (i)= <ll (r. ;R). 

jg,sg jg,sg 1 2 jg jg 1 

<l>yHKLIHR X js (R ), onHCbl8aiO~aR OTHOCHTenbHOe ,q8H~eHHe H,qep npH 
Ka~,qOM c)JHKCHp08aHHOM Hafio pe K8aHT08biX 4HCen (j,S), MO~eT fibiTb 
npet:~cTa8neHa 8 4eTblpexKoMnoHeHTHoi1 c)JopMe: 

X j~. sg(R) 

X. (R)= 
JS 

X. jg, su 

X. (R) 171 
JU,S g 

X 
1
. (R) 
u,su 

H3 onpet:~eneHH~ /3/ 11 /6/ cnet:~yeT ycnoeHe opToroHanbHOCTH 

• • -+ ........ + .... --i' " -+ -oJ 

< nl J s>= fdr 1dr2 <P 1r<r 1 ,r 2 ; R)<llj/r 1, r 2, R) = 8ij8r
5
G , !8! 

6 

r,qe MaTpHI..Ia G HMeeT 8H,q 

I 
1 0 0 0 

G= I o 1 8. 01 H /9/ 
0 8 ir 1 0 

0 0 0 1, 
• 

AnH 8eKTop-cTon6l.la Xi
6

(R) H3 ycno8Hl'l nonHo~ HOPMHP08KH 
<'I' nr I 'l' nr > = 1 nony4aeM 

l <X. (R)I G l X. (R) > = 
i::;r 1r 1r 

= l I d R (X .2 (R) + X~ (R) + X 2 ( R) + 
!::;r 1g,rg 1g, ru iu,rg 

/10/ 

+ X 2 (R) +2 .S X (R) • X . (R)) '"'1. 
!u,ru !r !g, ru 1u,rg 

nocne no,qcTaH08KH pa3no~eHHH /5/ 8 ypa8HeHHe /1/ 11 ycpe,q-
~ ~ 6 HeHHl'l no r 1 , r2 , <ll , 8 nony4aeM ecKOHe4HyiO CHCT~My 

HHTerpo-,qHc)Jc)JepeHI..IHanbHbiX ypa8HeHH~ .Qnl'l 8eKTOp- CTOn61..1a X. (R) 

I 
JS 

8 eAJo1HH1..1aX m =1 , M '"'M0 1 m /: a a 

[ d 2 1 .J(J+1)- 2m
2

] ~ () -- +2M(E r -E . (R)-E (R)--- ------- Gx . R-
dR2· . n I r R 2MR2 Jr /11/ 

"' l < i r I v I j s > x. (R). 
J$ S JS 

m-m 1_+mr, 

r,qe 3c)Jc)JeKTH8Hbl~ noTeHI..IHan <irl V 1 js> np1o1 Ka~,qoM Ha6ope 
(ir,js) npe,qcTa8nl'leT co6o~ MaTPHLIY pa3MepHOCTH 4x4: 

/12/ 
<igrg iVIjgsg> <igrgiVI igsu> <igrgiVI jusg> <igrgl Vljusu> 

<ir IV l js>= 
<igru ' VIjgsg> < igru!VIjgsu> <iwtdVIjusg> <igru!VIjusu> 

<iurg !VIjgsg> <inrg!VIJgsu> <iurg!VIjusg> <iurg!VIjusu> 

< ium ·v 1 j p-.c '> < iurn IV I jgsu > < iuru! VI jusg> < iuru ~ V ! JUSU'> 
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HnH B 6no4HOH 3anHCH: 

<iriVIjs>-
<iriVIjs>ig,jg <irl VI js>ig,ju 

<iriVIjs>lu,jg <irjVIjs> .. 
IU,JU 

3Aecb 6noK <iriV!js>
1 

. ,HanpHMep, paaeH g,Ju 

(

<igrgl VI jusg> <igrg IV I jusu>) 

<iriVIjs>. . = 
lg,Ju <igru IV I jusg> < igru IV I jusu> 

/13a/ 

/136/ 

B RBHOM BHAe MaTpH4H~e aneMeHT~ 3$$eKTHBHoro noTeH~Hana 
a~nHcaH~ a cneAY~~eM pa3Aene. 

npH B~BOAe CHCTeM~ ypaBHeHHH /11/ He CAenaHO HHKaKHX 
ynpo~a~~HX npeAnOnO~eHHH, n03TOMy T04HOCTb B~4HCneHHR 3Hep-
rHH Enr 3aBHCHT nHWb OT npH6nH~eHHH, AOny~eHHbiX npH pe-
weHHH CHCTeM~, H, B 4aCTHOCTH, OT 4Hcna pewaeM~X ypaBHeHHH. 

3. 3$$EKH1BHbiE nOTEHL.lHAJlbl YPABHEHJ.UI 

Bo H36e~aHHe rpoM03AKOCTH a AaHHOM pa3Aene se3Ae, rAe He 
oroaopeHo npoTHBHoe, noA Bblpa~eHHeM < ir IV I j s> Mbl 6yAeM 
nOHHMaTb OAHH H3 WeCTHaA~aTH aneMeHTOB MaTpH~bl 3$$eKTHBHOrO 
noTeH~Hana, KOTOp~e pa3nH4a~TCR Me~AY C060H HHAeKCaMH 4eT
HOCTH Ka~AOro H3 OAH03neKTPOHH~X COCTORHHH. HanpHMep, 
<iriVIjs>=<igrgiVjjgsg>, <igrgiVjjusg> H T.A. 

Bbi4HcneHHR Aa~T cneAy~~ee BbJpa~eHHe AnR senH4HH <iriVIjs>: 

< ir I V I j s > = 2 M < ir I r i21 
I j s > + < i r I H I j s > + 

+ <irlh(-)jjs>+d~ <irjQijs>+2<iriQijs> :R + /14/ 

+ < ir I B I js> , 

rAe 

8 

' .. ,,. 

<iriHijs>=<irjH(+)Ijs> +K<iriH<-1js>-(1-t2~e)<iriH(*)Ijs>, 

< ir I Q I js> u < ir I Q(+) I js> + K <it~ Q (-) I js>, 

<iriBijs>=-yJ ,[<irlb(+)ljs>+K<irlb(-)ljs>], 
mm 

. I <+>!. 2 [ <+> <+> <+> <+> <Ir H JS>= NirNjs Hij ors +Hisorj +Hrj oi 8 +Hrsoij-

-2Q<7!Q(+) -2Q\+)Q("!")] 
IJ rs IS fJ ' 

. (-) . (-'L (-) (-) (-~ 
<niH IJS>= 2Ni~js[Hij.0rs +His 0 rj +Hrj 0 is + Hrs ij -

-4Q<:> Q(-) -4Q(.+)Q(-:) -4Q(+_}Q(~) -4Q(+)Q<:-:->] 
lj rs IS fJ fJ IS rs IJ ' 

<iriH(*) ljs>=2N. N. [H~~)o +H(.*)o. +H(~)o +H(*)0 ] /15/ 
1r JS IJ rs IS rJ rJ is rs ij ' 

. I Q (+)I . 2N N [ Q(+) 0 Q (±) 0 Q(±) 0 d±) 0 ] 
<u - JS> "' ir js ij rs + is rj + rj is + rs ij ' 

<irlb(±)ljs> =2N. N. [b(±)o 
1r J s IJ rs 

+ b <.±) 0 . + b (±) 0 . 
IS fJ fJ IS 

+ b (±)0 ] 
rs ij ' 

<irlh(-)jjs>=2N N. [Q<.-:->Q(-)+Q(.-)Q(-:)1. 
ir JS IJ rs IS fJ 

J ~ ~ y ,=(1+8 o ,
1

+8 .
1
8,) ![(J-m+l)(J+m)] o, 

1
+ 

mm mo m m m o m ,m-

'h 
+[(J+m+l)(J-m)] Om',m+l !, 

-~ 
N 1J=[2(1+o1J )J. 
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(±) ( *) (±) (±) 
MaTpi-14Hble 3neMeHTbl H ij , H ij , Q ij , b ij • onpeAellHIOutl-1e 

3¢¢eKTI-1BHble noTeH~I-'!allbl CI-'ICTeMbl Tpex Tell B aA!-1a6aTI-14eCKOM 

npeACTaBJleHI-11-1 _, Bbi41-1CJleHbl B pa6o~7x 151 , a KyllOHOBCKI-'!e 1-'!H-

Terpallbl <ir I r121 l js > - s pa6oTe 
1 

· 

HeaAI-1a6aTI-14eCKI-1e MaTpi-14Hble 3JleMeHTbl H ij , Q ij , Bij 
1-iMeiOT nopHAOK MallOCTI-1 0(1/ 2M) no OTHOWeHI-110 K noTeH~I-'!ally 

< ir I r 121 I js> 1-1 s PHAe cny4aes MoryT 6b1Tb y4TeHbl no Teop1-11-1 

B03MYuteHI-1H, 4TO cy~eCTBeHHO ynpoutaeT npoBeAeHI-'!e paC4eTOB. 

B CI-1MMeTpi-14HOM Clly4ae Za=Zb=1 np~-1 R -+ oo ABI-1>KeHI-1e 

3JleKTPOHa B COCTOHHI-11-1 i npeACTaBJlHeTCH BOJlHOBbiMI-1 ¢yHK~I-1HMI-1 

<l>ijr;R) 1-1 <l>ibef ; R), onpeAellHeMbiMI-1 Bblpa>KeHI-IHMI-1 

<1>
1
.a (r';R)=(1/Y2)[<I> . (f;R)-<1>. (r;R)]. Ig IU 

/1f>/ 
<l> .bef;R)= (1 jy2)[<I> . (r;R)+<l>. (r';R)]. 

I Ig IU 

3To Tpe6oBaHI-1e 1-1HAY~I-1pyeT ClleAYIO~ee npeo6pa30BaHI-1e BOJlHOBbiX 

¢YHK~I-1H x. 1-1 MaTpl-l~bl 3¢¢eKTI-1BHoro noTeH~I-'!ana <irl VI j s>: 
Ir 

(<I> ia,ja • <I> ia,jb • <I> ib,ja • <I> ib,jb ) 

= (<I> ig ,jg '<l>ig ,ju '<l>iu,jg '<1> iu,ju) 

X ia ,ja xig,jg 

X .. = I Xia,jb = A xig,ju 
IJ 

X ib,ja X. 

rAe 

IU,jg 

X ib,jb X. Iu,ju 

<iriUijs>= A<iriVI js> A-
1

• 

A=-1 v2 (: -:) - 1 
3= ...[F 

A -1 . 

1 -1 

1 1 

BeKTop-cTon6e~ x .. YAOBJleTBOpHeT cl-'lcTeMe ypasHeHI-'IH: . IJ 
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/17/ 

/18/ 

/19/ 

/20/ 

[ d 2 d""R"2+ 2 M([i;nr -Ei(R) -Er(R)-l._ _ J(.T+1)-2m 
2 

--
R 21\m2 ]Gxir(R)= 

= ~ <iriUijs>x . (R). 
j~ S IS 

G=AGA- 1 , 
/21/ 

< i r I U I j s > = < i r I U I j s > - U0(oo) Go ij 8 rs , 

1 
[i;nr = Enr- 2M Uo (oo), 

8 3TOM CJly4ae 3Hepri-1H CBH31-1 CI-1CTeMbl OTC41-1TbiBaeTCH OT 

3Ha4eHI-1H U0("" ). selli-141-1Ha KOToporo AllH paBHbiX Mace HAeP Ma=M b 
onpeAellHeTCfl CyMMOH 3Hepri-1H CBfl31-1 aTOMa m eM a , B COCTOHHI-11-1 

I i > H aTOMa meMb s cocTOfiHHH r . a s cny4ae Ma =f M b 
cosnaAaeT C HeH C T04HOCTbiO AO 4JleHOB nOpfiAKa ~M)- 1 BKJ1104H

TellbHO /7 / , 

.RaHble Bblpa>KeHHH Allfl 31leMeHTOB MaTpH~bl < ir IV I js> HMeiOT BHA 

<iriUijs>iaJ· = 
2
1 ~l[<iriVIjs> . . +<iriVIjs> . _ ] -, a Ig ,jg IU,JU 

- [ < ir I V I js >. . Ig,Ju +<iriVIjs> .. ]la-1. IU ,jg 
/22/ 

< i r 1 u 1 j s >. . b = .!... ~ H < i r 1 v 1 js > . . - < i r 1 v 1 j s > . . J + la,J 2 lg,Jg IU ,JU 

+[<iriVIjs> .. -<iriVIjs> . . ]l~- 1 • lg,JU IU,jg 

< i r I u I js >. b . = ~ ; l[ < i r I vI j s >. . - < i r 1 v 1 js >. _ J-I ,ja G lg,jg IU,JU 

-[ <iriVIjs> .. - <iriVIjs> .. ]la-1
• 

Ig ,JU IU,Jg 

< i r 1 u 1 js >. . = 1.. ~ H < i r 1 v 1 js >. . + < i r 1 v 1 j s >. . J + Jb,jb 2 Ig ,jg IU,JU 

+ [<iriVIjs> .. +<ir l VI js > .. ]l~- 1 . Ig,JU IU,JU 
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MaTp1-14a <ir I Uljs> C)>opM~-tpyeTefl 1-13 6noKos /22/ aHanor~-t4Ho Bbl

pameHI-110 /13a/. 

4. PE3YnbTAT~ B~4HCnEHH~ 

B Ka4eeTse npoeTeHwero np~-tMepa B paMKax npeAflO>KeHHoro 

noAXOAa HaM~-t paeeMoTpeHa MoneKyna H2 . BB~-tAY ManoeT~-t sen~-t41-1Hbl 

(2M) - 1 s nepsoM np~-t6n~-t>KeH~-tl-1 s e~-teTeMe ypasHeH~-tH /21 I MO>KHO 

OT6poei-1Tb Bee 4I1eHbl, I-1Mel0ll\l-1e nopf!AOK ManoeTI-1 (2 M)- 1 , TO 

eeTb Bee HeaA~-ta6aT~-t4eeK~-te MaTpi-14Hble 3!1eMeHTbl, 

np~-t y4eTe ABYX Hai-1HI-13WI-1X eOeTOFIHI-1.:1 lg 1-1 lu, 11>=[000), 
e~-teTeMa /21/ eBOAHTefl K 4eTblpeM /6e3 y4eTa HeaA~-ta6aT~-t4eeKI-1X 
nonpasoK - K ABYM/ ypasHeH~-tfiM. MaTp1-14a 3C)>C)>eKT~-tBHbiX noTeH-

4~-tanos BKI1104aeT MaTp~-t4Hble 3!1eMeHTbl < lglglri21 ilglg>, <lgl ulr j'~lglu>, 
<lglglr;!? ! lulu> ~-t<lululr!lllulu>. KOTOpble Bbl4~-teneHbl B pa-

6oTe 16 . 
np~-t BKI1104eHI-11-1 B pa3I10>KeH~-te /5/ eoeTOFIHI-1H 2 g , 2 U , 3 g , 

3u , rAe 12>=[100], 13>=[010], e~-teTeMa /21/ paew~-tpHeTefl 
AO 24 ypasHeH~-tH /6e3 y4eTa HeaA~-ta6aT~-t4eeK~-tx nonpasoK oeTa

eTefl 12 ypaBHeH~-tH/. PeweH~-te 3TOH e~fJeMbl oeyll\eersnHnoeb Ha 

38M CDC-6500 no nporpaMMe SYSTEM . Pe3yi1bTaTbl Bbl4~-tene

H~-t.:1 Aflfl 3Hepr~-tl-1 Ev Tpex nepBbiX KOI1e6aTeflbHbiX eoeTOFIHI-1.:1 

MOfleKyflbl np~-tBeAeHbl B Ta6n1-14e. 

v 

0 
1 
2 

-Ev /38/ 

2 ypasHeH~-tfl 

2' 16 

1 '76 

1,39 

12 ypaBHeHHH 

3,48 

2,96 

2 '39 

Konoe 

1-1 BonbHeBI-14 
111 

4,6 7 

B~-tAHO, 4TO y4eT o-eoeTOFIHI-1.:1 12> 1-1 13> eyll\eereeHHO yny4-

waeT pe3y!lbTaTbl, XOTFI eXOAHMOeTb K Ha~-ti1Y4WeMy Bap~-ta41-10HHOMY 

3Ha4eHI-110 BeebMa MeAfleHHafl, no3TOMy, npe>KAe 4eM Y41-1TbiBaTb 

eoeTOFIHI-1fl 15>, 16> 1-1 T.A., eneAyeT BKI11041-1Tb B pa3nO>KeH~-te 
/5/ TT -eoeTOFIHI-1fl, T. e. y4eeTb yrflOBble Koppeflfl41-11-1 3I1eKTPOHOB 

B C)>yHK4~-tfiX Hynesoro np~-t6n~-t>KeH~-tfl /5/ /eM., Hanp~-tMep, 191 /. 
0TMeT~-tM, 4TO HeeMOTPFI Ha TO, 4TO 3Ha4eH~-te -Eo AOBOilbHO 

e~-tflbHO OTI11-14aeTefl OT 3Hepr~-tl-1 A~-tee041-1a41-11-1 OeHOBHOrO eoeTOH

HI-1fl D0 = 4,6 7 38 MOfleKyflbl ~ , 3Hepr~-tfl B~-t6pa41-10HHbiX KBaH

TOB Ev+ 1 -Ev BeebMa 6!11-13Ka K Hai-1I1Y4WI-1M 3Ha4eHI-1FIM 3TI-1X Be-

12 

• 

!11-14~-tH. B 4aeTHOeT~-t, 3Hepr~-tfl nepsoro B~-t6pa4~-tOHHoro Bo36Y>KAe

H~-tfl E1 -Ea~4185 eM- 1 OTI11-14aeTefl OT 3Kenep~-tMeHTaflbHO 1-13-

MepeHHOrO 3Ha4eH~-tfl 4162,079 eM-·1 Ha 0,5 % . B 3TOM npoHs

nHeTefl xapaKTepHafl oeo6eHHOeTb aA~-ta6aT~-t4eeK~-tx pae4eToB: OHI-1 

n03BOI1FIIOT Bbl41-1ef11-1Tb 3Ha4eHI-1fl OTHOe~-tTeflbHbiX Befll-141-'tH 3Ha4~-t

Tef1 bHO T04Hee, 4eM a6eOI110THble Befll-141-1 Hbl. 

3AKni04£HHE 

npoBeAeHHOe ~-teeneAOBaH~-te noKa3biBaeT, 4TO npl-1 Bb141-1efleHI-11-1 

ypOBHeH 3Hepr~-tl-1 ABYXaTOMHbiX MOfleKyfl aA~-ta6aT~-t4eeKI-1H MeTOA 

AaeT Hennox~-te pe3ynbTaTbl Aa>Ke B npoeTe.:1weH esoeH pean~-t3a-
41-1~-t.0AHaKo eKOpOeTb eXOAHMOeTI-1 MeTOAa OKa3anaeb HeAOeTaT04HO~ 
1-1 B HbiHeWHe.:1 peaf1~-t3a41-11-1 np~-tMeHFITb ero AflFI npe41-131-10HHbiX Bbl-

4~-teneHI-1.:1, no-B~-tAHMOMY, He4eneeoo6pa3HO, noeKOilbKY 3TO noTpe-

6osano 6bl eyll\eCTBeHHoro pacw~-tpeH~-tfl Ha6opa 6a3~-tCHbiX C)>yHK41-1H 

1-1, B 4aCTHOCTI-1, BKI1104eHI-1fl B Hero C)>yHK41-1H HenpepbiBHOrO cneKT

pa 3aAa4~-t ABYX 4eHTpos 110 / . B 3T0.:1 CBFI31-1 6onee nepcneKT~-tBHbiM 
HBI1HeTcH, no-B~-tA~-tMoMy, ~-tenonb30BaH~-te aA~-ta6ar.~-t4ecKoro 6a3~-tea 
WTYPMOBCKOrO T~-tna, KOTOpb1.:1 He COAeP>KI-1T eOCTOFIHI-1H HenpepbiB

HOrO cneKTpa 1-1 o6ecne4~-tBaeT 6biCTpy10 CXOAHMOCTb MeTOAa, Ha 

4TO yKa3biBaiOT paC4eTbl pa3!11-14HbiX C)>l-131-14eCKI-1X CBOHeTB MOI1eKy

I1FIPHOro 1-tOHa BOAOPOAa/ 11 1
. 

npe~-tMYll\eeTBOM aA~-ta6aT~-t4eCKOro MeTOAa fiB!lfleTCFI ero HarflHA

HOeTb 1-1 yH~-tBepCaflbHOCTb: OH He COAep>KHT H~-tKaK~-tX nOArOH04HbiX 

napaMeTpOB 1-1 OAHHaKOBO np~-tMeH~-tM KaK AflFI Bbi41-1CI1eHI-1fl OCHOBHO

ro, TaK 1-1 B036Y>KAeHHbiX COeTOFIHI-1H MOfleKyfl. 8 4aCTHOCTI-1, pa3-

BI-1Tafl cxeMa no3BOI1HeT Bbi41-1CI11-1Tb 3Hepr~-tl0 Kone6aTei1bHbiX ypoa

He.:1 B B036Y>KAeHHbiX 3I1eKTPOHHbiX COCTOFIHI-1FIX. 

KpoMe Toro, B aA~-ta6aT~-t4eeKoM nOAXOAe HeaA~-ta6aT~-t4eeKHe 

nonpaBKI-1 Ha AB~-t>KeHHe AAeP BbiAeflf!IOTCFI B FIBHOM BHAe, 4TO no-

3BOI1fleT HaH6onee eCTeCTBeHHO HCefleAOBaTb I-130TOn~-t4eCKHe 3C)>

C)>eKTbl B MO!leKy!laX. 3TO 06CTOATenbeTBO MO>KeT CTaTb pewaiOli\HM 

npl-1 Bbi41-1CI1eHHI-1 ypOBHeH 3HeprHH 6H3KCHTOHa, T, e. C~-teTeMbl, 

eoCTOflll\eH 1-13 ABYX 3!1eKTPOHOB H ABYX 
11

AblpOK
11

, noeKOilbKy B Ta

K0.:1 el-ICTeMe BCe KyflOHOBeKHe 4eHTPbl o6naAaiOT epaBHHMbiM¥1 3C)>

C)>eKTHBHbiMI-1 MaCCaMI-1 / 121 1-1 HX AB¥!>KeHHe Heflb3fl Y4HTbiBaTb no 

Teop¥~1-1 B03MYll\eHH.:1, KaK 3TO o6bi4HO AenaeTCR np~-1 pac4eTax 

CB0.:1CTB MOfleKyfl. 

HaKoHe4, np~-1 Bb14HeneHHH yposHeH 3HeprH~-t AByxaToMHbiX Mo

neKy I1 B eHilbHbiX Ma rHHTHbiX 1-1 3I1eKTPH 4eCKHX non fiX HarflfiAHOeT b 

H HAeHHafl npOCTOTa aAI-la6aTH4eCKHX paC4eTOB TaK>Ke MoryT Ol<a-

3aTbCFI cepbe3HbiM npeHMYll\eCTBOM no cpaBHeHHIO C TpaAH4HOHHbiMH 

MeTOAaMH pae4eTOB, 
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B aat<I1104eHII1e aBTOPbl Bblpa>KaiOT npii13HaTel1bHOCTb C. 11. BII1HII1~
KOMy, H.B.KoMapoey, B.H.Jl111CIA~biHY, B.A.Kynpll1eBII14Y, B.C.Me
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